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THE HUMAN PARAMETER IN SPACE FLIGHT 

(A Sta t e -o f - the -a r t  Review) 

By Mi tche l l  R. Sharpe, Jr. 

SUMMARY 

The r o l e  of man a s  an i n t e g r a l  p a r t  
from t h e  viewpoint of h i s  physiology and 

/ 

of a s p a c e c r a f t  i s  d iscussed  
t h e  ambient space environment. ,' 

The d e l e t e r i o u s  e f f e c t s  of t h i s  environment upon him and t h e  measures 
necessary  t o  keep him a l i v e  i n  i t  a r e  a l s o  reviewed. The known a s  w e l l  
a s  t h e  unknown hazards  are t t e a t e d  b r i e f l y .  An appendix summarizes t h e  
cyborg concept ,  which i s  o f t e n  proposed as a n  a l t e r n a t i v e  t o  human space  
t r a v e l .  

INTRODUCTION 

The one component of a man-rated s p a c e c r a f t  t h a t  cannot be rede- 
s igned  o r  modified* i s  t h e  a s t ronau t .  With t h e  except ion  of minor 
evo lu t iona ry  changes,  h e  i s  e s s e n t i a l l y  unchanged a f t e r  100,000 yea r s .  
Thus a l l  s p a c e c r a f t  designed to  place him i n  o r b i t  about  t h e  Ear th  o r  t o  
a l l o w  him t o  escape Ea r th ' s  g r a v i t a t i o n a l  f i e l d  mus t  t ake  i n t o  account 
h i s  t o l e r a n c e s  t o  t h e  psychophysiological  s t r e s s e s  of space f l i g h t  and 
t h e  e f f e c t s  of t h e  space environment on him. The t a s k  of d e f i n i n g  t h e s e  
stresses and c a l c u l a t i n g  t h e  to l e rances  i s  t h e  f u n c t i o n  of space medicine.  

1. What i s  Space Medicine? Dr. Fred A. Hi tchcock,  founder of t h e  
Laboratory of Avia t ion  Physiology a t  Ohio S t a t e  Un ive r s i ty ,  states, 
"Space medicine may be s a i d  t o  have a t t a i n e d  r e s p e c t a b i l i t y  on October 4, 
1957, t h e  day t h e  Russians success fu l ly  launched Sputnik 1. Before t h i s  
d a t e ,  anyone working s e r i o u s l y  i n  t h i s  f i e l d  was l i k e l y  t o  be considered 
by sober-minded medical men a s  a b i t  e c c e n t r i c  a t  t h e  b e s t  and downright 
c razy  a t  t h e  worst ." (Ref. 1) 

Within a decade o r  so following World War 11, a v i a t i o n  medicine had 
so lved ,  by and l a r g e ,  most of t h e  problems of f l i g h t  w i t h i n  t h e  E a r t h ' s  
atmosphere.  B u t  i n v e s t i g a t i o n s  did not  cease .  It soon became apparent  
t h a t  man's f l i g h t  t o  t h e  s t a r s  was c l o s e r  than  even sc i ence  f i c t i o n  

*For a n  i n t e r e s t i n g  t h e o r e t i c a l  except ion,  s e e  Appendix. 
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writers predicted.  The r a p i d  development of r o c k e t  p ropu l s ion  helped t o  
expand t h e  scope of a v i a t i o n  medicine t o  inc lude  phys io log ica l  and, l a t e r ,  
psychological r e sea rch  i n t o  a r e a s  t h a t  would determine whether man could 
withstand the f o r c e s  a s s o c i a t e d  with rocke t  launching and t h e  r i g o r s  of 
t h e  space environment. 

D r .  Ursula T.  Slager  d e f i n e s  t h e  s u b j e c t  and i t s  scope by saying 
t h a t  "space medicine . . .  i s  r e l a t e d  t o  ecology, t h e  study of t h e  r e l a t i o n  
between l i v i n g  organisms and t h e i r  environment, and i s  thus  a p a r t  of 
environmental medicine. A s  such, i t  i s  i n t e r e s t e d  both i n  t h e  phys ica l  
f a c t o r s  of the space environment and t h e  phys io log ica l  e f f e c t s  such 
f a c t o r s  have on man. Space medicine i s  a l s o  p reven t ive  medicine. A s  
such it  aims a t  t h e  u l t i m a t e  goal  of a l l  medical p r a c t i c e - - t h e  recogni-  
t i o n  and prevention of abnormal response p a t t e r n s  t o  s t r e s s  be fo re  they 
become r i g i d l y  f i x e d  i n t o  c l a s s i c a l l y  r ecogn izab le  d i s e a s e  p a t t e r n s  
manifested by permanent s t r u c t u r a l  and f u n c t i o n a l  d i s tu rbances . "  (Ref. 2) 

2 .  The Funct ional  Borders of Space. A s  f a r  as man a s  a l i v i n g  
organism i s  concerned, space begins a t  t h a t  po in t  above E a r t h ' s  s u r f a c e  
a t  which he cannot e x i s t  without d u p l i c a t i n g  t o  some degree t h e  en- 
vironment tha t  e x i s t s  on i t s  s u r f a c e .  Above t h i s  a l t i t u d e  t h e  a i r  l a c k s  
s u f f i c i e n t  oxygen t o  s u s t a i n  him. 
Thus space f o r  man begins l e s s  than 3 m i  (4 .2  km) above Earth.  Since 
he i s  unable t o  e x i s t  n a t u r a l l y  i n  the  space environment, t h e  concept 
of t h e  func t iona l  borders  of space or  of space equ iva len t  cond i t ions  
has evolved f o r  s tudying t h e  problems of keeping him a l i v e  and operable  
i n  space.  The f u n c t i o n a l  borders  of space a r e  those a l t i t u d e s  a t  which 
c e r t a i n  v i t a l ,  human func t ions  cease  because of some c o n s t i t u e n t  of t h e  
ambient environment. (Ref. 3 )  

This po in t  i s  a t  12,000 f t  (3640 m ) .  

This useful  concept was formulated by D r .  Hubertus Strughold (Ref. 4 )  
and i s  discussed below. 

THE SPACE ENVIRONMENT 

D r .  Strughold d i f f e r e n t i a t e s  between the  environmental a s p e c t s  of 
space and Earth 's  atmosphere i n  q u a l i t a t i v e  terms: "Space a s  a phys i ca l  
environment i s  e s s e n t i a l l y  a r a d i a t i o n  environment with t h i n l y  d i spe r sed  
m a t t e r .  I n  c o n t r a s t ,  t h e  atmosphere i s  e s s e n t i a l l y  a m a t e r i a l  environ- 
ment with a t t enua ted  r a d i a t i o n .  Emptiness permeated by r a d i a t i o n s  of a 
broad i n t e n s i t y  range and temporal f l u c t u a t i o n s  and spiced with m e t e o r i t i c  
pepper i s  the environment with which an  a s t r o n a u t  i s  faced u n l e s s  he i s  
p r o t e c t e d . "  (Ref. 5) 

Bas i ca l ly  man's e c o l o g i c a l  r e l a t i o n s h i p  t o  t h e  environment of space 
can b e s t  be s t u d i e d  i n  terms of vacuum, temperature ,  l i g h t ,  and r a d i a t i o n .  

+ 

4 



3 

8 

1. Vacuum. Once above 80,000 f t  (24.4 km) man w i l l  have t o  be 
completely sea l ed  i n  a cab in  t h a t  approximates i n  gaseous composition 
and p r e s s u r e  t h e  atmosphere of Earth. A t  t h i s  a l t i t u d e  t h e  ambient a t -  
mospheric p r e s s u r e  i s  only 3-1/2 per c e n t  t h a t  of sea l e v e l .  
t o  u t i l i z e  t h i s  tenuous atmosphere would r e q u i r e  enormously l a r g e  com- 
p r e s s o r s  t h a t  consume tremendous amounts of power. 

Any a t t empt  

Assuming t h e  a s t r o n a u t  i s  sealed w i t h i n  h i s  p r o t e c t i v e  cab in ,  what 
happens i f  it i s  punctured by a meteori te?  I f  the hole i s  small enough, 
t h e  c a b i n  w i l l  slowly l o s e  p r e s s u r e , . g i v i n g  t h e  crew time t o  r e p a i r  t h e  
l e a k .  However, i f  t h e  ho le  is  l a r g e  enough, t h e  cab in  may undergo ex- 
p l o s i v e  decompression, i n  which case t h e  crew members w i l l  have a ve ry  
l i m i t e d  amount of t i m e  i n  which t o  r e a c t .  This  per iod i s  c a l l e d  t h e  
t i m e  of u s e f u l  consciousness o r  time reserve. It i s  shown g r a p h i c a l l y  
i n  F i g .  1. 
-- 

The f u n c t i o n a l  borders  of space o r  space equ iva len t  cond i t ions ,  
mentioned above, v i v i d l y  p o i n t  up t h e  phys io log ica l  e f f e c t s  of t h e  
vacuum a s s o c i a t e d  with space.  

The f i r s t  border i s  reached a t  approximately 3 m i  (4.2 km).  A t  t h i s  
a l t i t u d e  t h e  unprotected human being s u f f e r s  from hypoxia o r  oxygen de- 
f i c i e n c y  i n  t h e  blood. It occurs  because t h e  p a r t i a l  p re s su re  of oxygen 
i n  t h e  atmosphere i s  so  low t h a t  the body cannot absorb it. A t  a d i s t a n c e  
of some 4.5 m i  (6.3 km) above Earth,  man m e e t s  ano the r  f u n c t i o n a l  border .  
It i s  h e r e  t h a t  he experiences dysbarism o r  t h e  formation of bubbles i n  
t h e  tissues of t h e  body. Th i s  cond i t ion  i s  known a l s o  a s  t h e  bends. 
On E a r t h ' s  s u r f a c e  t h e  atmospheric p re s su re  of 760 m Hg i s  s u f f i c i e n t  
t o  keep t h e  n i t r o g e n  wi th in  t h e  body in  s o l u t i o n ,  b u t  a t  an  ambient 
p r e s s u r e  of 300 mm Hg, found a t  a n  a l t i t u d e  of about  4 . 5  m i  (6 .3  km),  
t h i s  gas comes out  of s o l u t i o n  and forms bubbles i n  t h e  body t i s sues - -  
causing t h e  e x c r u c i a t i n g  pa in  a s soc ia t ed  wi th  t h e  bends. 

The nex t  f u n c t i o n a l  border i s  a t  approximately 10 m i  (14 km). A t  
t h i s  a l t i t u d e  t h e  body s u f f e r s  from anoxia o r  a complete l ack  of oxygen. 
The d e f i c i e n c y  i s  b i o l o g i c a l  r a t h e r  t h a n  t e c h n i c a l ,  f o r  oxygen i n  some 
form i s  found a t  a l t i t u d e s  up t o  70 m i  (98 km). 
c o n d i t i o n  i s  t h a t  a t  a l l  t i m e s  ( r ega rd le s s  of a l t i t u d e )  t h e  a l v e o l i  o r  
a i r  sacs of t h e  lungs c o n t a i n  a combined p a r t i a l  p r e s s u r e  of 8 7  mm Hg 
of water vapor and carbon dioxide.  
t o  t h e  a l v e o l i  by t h e  exc re to ry  processes .  
a l t i t u d e  a t  which t h e  ambient pressure i s  equal  t o  8 7  mm Hg, no oxygen 
can  be taken up by t h e  a l v e o l i ,  even though t h e  ambient atmosphere were 
pure oxygen. 

The reason f o r  t h i s  

These gases  a r e  c o n s t a n t l y  supp l i ed  
Once t h e  body reaches a n  

An a n  a l t i t u d e  of 12 m i  (17 km) the ambient p r e s s u r e  drops t o  47 
mm Hg. 
t i s s u e  a t  normal body temperature.  
t i o n a l  border  of space.  
a r e s u l t  of t h i s  low p res su re .  

This  p r e s s u r e  i s  t h e  same a s  t h a t  of t h e  water vapor of t h e  body 
This  a l t i t u d e  p r e s e n t s  ano the r  func- 

Ebullism or t h e  b o i l i n g  of body f l u i d  occurs  as  
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These f u n c t i o n a l  borders  of space i l l u s t r a t e  t h e  need f o r  t h e  
e l a b o r a t e  p r o t e c t i v e  dev ices  and complex a r t i f i c i a l  environment f o r  t h e  
a s t r o n a u t  t o  su rv ive  even t h a t  po r t ion  of t h e  space journey wi th in  t h e  
E a r t h ' s  atmosphere. 

2. Temperature. While man can t o l e r a t e  some change i n  h i s  pres -  
s u r e  environment, t h e  temperature  l i m i t s  between which he can l i v e  and 
f u n c t i o n  a r e  very  narrow. Even though 98.6"F (37°C) i s  cons idered  as  
norm f o r  body temperature ,  man has wi ths tood ,  f o r  vary ing  pe r iods  of 
t i m e  and under varylag c o n d i t i o n s ,  a temperature  range of -90°F (-68OC) 
t o  500°F (260°C). However, t h e  span i n  which he can func t ion  e f f i c i e n t l y  
i s  very  much narrower.  Below 50°F (10°C) phys ica l  e f f i c i e n c y  i s  reduced 
by s t i f f n e s s  of t h e  limbs. 
s lugg i sh .  Thus a r e a l i s t i c  temperature va r i ance  so  f a r  a s  t h e  a s t r o n a u t  
i s  concerned i s  some 35". 

Above 85°F (29°C) mental  a c t i v i t y  becomes 

Th i s  range of temperature  p laces  exac t ing  demands on t h e  des ign  of 
t h e  environmental  c o n t r o l  systems f o r  t h e  space cabin .  For long-term 
e f f i c i e n c y ,  it i s  obvious t h a t  t h e  a s t r o n a u t  w i l l  have t o  f u n c t i o n  i n  a 
temperature  environment t h a t  approaches t h e  optimum on Earth.  Once i n  
space t h e  temperature  of h i s  spaceship w i l l  be l a r g e l y  dependent on i t s  
s u r f a c e  t e x t u r e  and c o l o r .  

3. Light .  The problem of l i g h t  i n  space r e s o l v e s  i t s e l f  i n t o  two 
How much l i g h t  i s  needed wi th in  t h e  v e h i c l e  and what a r e  t h e  a r e a s .  

p o s s i b l e  v i s u a l  hazards  from l i g h t  o u t s i d e  t h e  veh ic l e?  
t h a t  t h e  primary t a s k  of t h e  space crew, i n  s o  f a r  a s  p i l o t i n g  i s  con- 
cerned ,  w i l l  be t h e  reading  of meters and monitor ing of instruments  

should s u f f i c e .  (Ref. 6) 

I f  we assume 

then  an i l l u m i n a t i o n  l e v e l  of some 30 c a n d l e s / f t 2  (322.8 candles/m 2' ) 

Since  t h e  space environment i s  e s s e n t i a l l y  a r a d i a t i o n  one, t h e r e  
i s  ve ry  l i t t l e  matter t o  d i f f u s e  the l i g h t  of t h e  Sun. The most obvious 
hazard t o  t h e  a s t r o n a u t  i s  t h a t  of r e t i n a l  burns.  Even a quick g lance  
a t  t h e  Sun may a leave  a permanent bu rn  on t h e  r e t i n a  i f  t h e  eye is  
unpro tec ted .  

A problem of sme magnitude a s s o c i a t e d  with t h e  darkness  of space 
i s  one f a m i l i a r  t o  crews of h i g h - a l t i t u d e  a i r c r a f t .  I n  t h e  a b s o l u t e  
darkness  of space (with no v i s u a l  s t imu la t ion ) ,  t h e  eye cannot r e l a x  i t s  
accommodation o r  a b i l i t y  t o  a d j u s t  f o r  vary ing  d i s t a n c e s .  Thus t h e  
a s t r o n a u t  peer ing  i n t o  empty space would have no idea  of whether h i s  
eyes  were focused a t  i n f i n i t y  or only a few f e e t  beyond h i s  s h i p .  Under 
t h i s  cond i t ion ,  known a s  space myopia, a n  o b j e c t  must be twice a s  l a r g e  
t o  be seen a s  when v i s u a l  s t imu lan t s  appear  a t  " i n f i n i t y . "  (Ref.2) 

An i n t e r e s t i n g  s i t u a t i o n  could a r i s e  a t  a l a t e r  d a t e  i n  space t r a v e l  
i f  man should ever  succeed i n  reaching t h e  v e l o c i t y  of l i g h t .  Percept ion  
i s  not  ins tan taneous .  The process  takes  some 100 msec, which means t h a t  
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f o r  t h e  most pa r t  we l i v e  a s  much a s  0 . 1  sec  i n  t h e  p a s t  a t  a l l  t imes.  
Travel ing a t  t h e  v e l o c i t y  of l i g h t ,  t h e  s h i p  w i l l  have d i sp laced  18,600 
m i  (29,760 km) du r ing  t h e  a s t r o n a u t ' s  a c t  of pe rcep t ion  and many more 
be fo re  he can r e a c t .  

4 .  Radiat ion.  The environment of space c o n s i s t s  of both i o n i z i n g  
and nonionizing r a d i a t i o n s ,  which a r e  e i t h e r  e lectromagnet ic  or  co rpuscu la r .  
Since the  i n t e n s i t y  of e lectromagnet ic  r a d i a t i o n  fo l lows  t h e  inve r se  square 
law, the  r a d i a t i o n  of t h i s  type w i l l  va ry  with d i s t a n c e  from t h e  source.  
I n  i n t e r p l a n e t a r y  space wi th in  t h e  So la r  System t h e  Sun i s  the  primary 
source of such r a d i a t i o n s .  Other sources inc lude  t h e  p l a n e t s  of t h e  
So la r  System and e x t r a - g a l a c t i c  sources .  Of most i n t e r e s t  t o  space t r a v e l  
i n  t h e  nea r  f u t u r e  a r e  the  g i a n t  r a d i a t i o n  b e l t s  c i r c l i n g  Ea r th ,  J u p i t e r ,  
and possibly o t h e r  p l a n e t s .  Cons i s t ing  of e l e c t r o n s  and protons trapped 
i n  the  magnetic f i e l d  of t h e  p l a n e t ,  they p resen t  formidable hazards  t o  
t h e  a s t r o n a u t  and equal ly  formidable problems t o  t h e  spaceship d e s i g n e r ,  

Cosmic r ays  c o n s i s t  of very high-energy p a r t i c l e s  (usua l ly  completely 
ionized atoms) t r a v e l i n g  a t  v e l o c i t i e s  approximating t h a t  of l i g h t .  The i r  
ene rg ie s  range above 1 bev. For t h e  most p a r t  they c o n s i s t  of protons and 
a lpha  p a r t i c l e s ,  but 1 -per c e n t  a r e  elements with atomic weights g r e a t e r  
t han  4 .  I n  g e n e r a l ,  it i s  be l i eved  t h a t  t h e  elements comprising cosmic 
r a y s  occur i n  approximately t h e  same numbers a s  found i n  t h e  un ive r se .  

So la r  components of t he  cosmic r a d i a t i o n  c o n s i s t  of protons and 
e l e c t r o n s  with energy ranges up t o  1 MeV. The components of cosmic r a d i a -  
t i o n  from other  sources  a r e  much h ighe r ,  of t h e  o rde r  of 0 . 1  bev t o  1000 
bev. But some 90 per cen t  of t h e  cosmic r a y s  have ene rg ie s  of below 10 
bev. During s o l a r  f l a r e s ,  cosmic r a d i a t i o n  i n c r e a s e s  by s e v e r a l  o rde r s  
of magnitude, c h i e f l y  wi th  protons ranging between 20 Mev and 100 MeV. 

The Van Allen r a d i a t i o n  b e l t  c o n s i s t s  of two zones of i n t e n s e  r a d i a -  
t i o n  and i s  comprised of e l e c t r o n s  and protons t rapped i n  t h e  E a r t h ' s  
magnetic f i e l d .  The inne r  zone i s  found between 500 m i  (800 km) and 2000 
m i  (3200 km); and t h e  o u t e r  zone, which f l u c t u a t e s  wi th  s o l a r  a c t i v i t y ,  
l i e s  between 9000 m i  (14,400 km) and 12,000 m i  (19,200 km). The inne r  
zone has  an e l e c t r o n  d e n s i t y  of some pa r t i c l e s / cm3  and a proton 
d e n s i t y  of about 10-6 par t ic les /cm3.  The m a j o r i t y  of t h e  e l e c t r o n s  have 
e n e r g i e s  ranging between 20 kev and 600 kev, a l though some have been 
measured with ene rg ie s  up t o  1 MeV. The protons gene ra l ly  range between 
10 Mev and 40 Mev b u t  may be found with ene rg ie s  up t o  700 MeV. 

a .  I o n i z i n g  r a d i a t i o n .  Any d i s c u s s i o n  of t h e  e f f e c t s  of i o n i z i n g  
r a d i a t i o n  on man must i nc lude  a b r i e f  summary of t h e  u n i t s  of measurements 
involved.  The most f a m i l i a r  u n i t ,  t h e  roentgen,  i s  t h a t  amount of x- 
r a d i a t i o n  o r  gamma r a d i a t i o n  t h a t  produces i n  1 cm3 of a i r  ( a t  O°C and 
760 nun Hg) 2.08 x lo9  ion  p a i r s .  B u t  t h e  roentgen i s  no t  too adap tab le  

1 

I 
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f o r  space medicine use.  
amount of i o n i z i n g  r a d i a t i o n  other than x-rays t h a t  produces an energy 
abso rp t ion  of 93 ergs/cm3 (sometimes def ined  on a weight b a s i s  as  93 
ergs /g)  i n  w e t  t i s s u e .  
sorbed dosage of any ion iz ing  r a d i a t i o n  t h a t  has  the  same r e l a t i v e  bio- 
l o g i c a l  e f f i c i e n c y  a s  1 roentgen of x-rays.  Another u s e f u l  u n i t  i s  the  
r a d i a t i o n  absorbed dosage o r  rad. It i s  simply t h e  amount of i o n i z i n g  
r a d i a t i o n  t h a t  r e s u l t s  i n  a n  energy abso rp t ion  100 erg /g  i n  any m a t e r i a l  

The roentpen equiva len t  phys ica l  o r  rep i s  t h a t  

The roentgen equiva len t  man or  i s  t h e  ab- 

Ion iz ing  r a d i a t i o n  produces i t s  d e l e t e r i o u s  e f f e c t s  i n  human t i s s u e  
by e x c i t a t i o n ,  i o n i z a t i o n ,  o r  nuclear  d i s r u p t i o n  of atoms. The means by 
which damage occurs  t o  t h e  chromosomes of c e l l s  i s  no t  f u l l y  understood. 
It  may be t h a t  t h e  r u p t u r e  of t h e  molecular s t r u c t u r e  i s  pure ly  mechanical,  
being caused by a n  ionized p a r t i c l e ;  o r  t h e  damage may be caused by chem- 
i c a l  means. Thus i o n i z i n g  p a r t i c l e s  pass ing  through a c e l l  could c r e a t e  
f r e e  r a d i c a l s  of hydrogen o r  t h e  hydroxyl group. t h a t  could recombine i n t o  
a chemical such a s  hydrogen per ioxide.  In  e i t h e r  event ,  t h e  damage t o  
t h e  chromosomes becomes e s p e c i a l l y  c r i t i c a l  when t h e  dens i ty  a long  t h e  
t r a c k  of an ion  reaches  a va lue  of 1 x lo6 ion  pairs/cm. 

Radia t ion  of gamma r a y s ,  nuc le i  of low Z numbers, p ro tons  and e l ec -  
t r o n s  produce a spray  of i on iza t ion  wi th in  t h e  t i s s u e .  On t h e  o the r  hand, 
cosmic r ays  of n u c l e i  of heavier  atoms produce a gradual  t h i n  down, wi th  
i o n i z a t i o n  concent ra ted  a long  t h e  t r ack .  I t s  e f f e c t  has been compared 
t o  t h e  damage done by a r i f l e  s h o t ,  whereas t h e  damage done by o the r  
forms of r a d i a t i o n  i s  l i k e  t h e  damage from b i r d s h o t .  These ana log ie s ,  
suggested by D r .  Davis G. Siaon of t h e  US A i r  Force School of Aerospace 
Medicine, a r e  shown i n  Fig.  2 .  

Much d i scuss ion  revolves  about t h e  e f f e c t  of cosmic r a d i a t i o n  on he- 
r e d i t y .  It i s  o f t e n  poin ted  out  t h a t  an  a s t r o n a u t  r e t u r n i n g  from a space 
t r i p ,  and having been i r r a d i a t e d  fo r  a cons iderable  per iod  of t i m e ,  would 
pose a t h r e a t  i n  t h e  form of mutations t o  h i s  progeny. However, it i s  a l s o  
poin ted  out  t h a t  a primary cosmic ray h i t t i n g  a t e s t i c l e  would damage 
only s i x  spe rm c e l l s  and t h a t  only 200 t o  300 such c e l l s  would be h i t  i n  
a 24-hr per iod .  The p r o b a b i l i t y  tha t  t h e s e  p a r t i c u l a r  c e l l s  would be 
used i n  t h e  f e r t i l i z a t i o n  process  i s  about  one i n  one m i l l i o n .  (Ref. 7) 
Another view of the problem i s ,  " A l l  i n  a l l  t h e  r i s k  t o  t h e  a s t r o n a u t ' s  
descendants  seems remote. The genet ic  danger t o  p o s t e r i t y  i s  much more 
problematic  i n  t h e  case  of f a l l o u t  from atomic warfare ,  where l a r g e  num- 
b e r s  of people a r e  exposed t o  r e l a t i v e l y  small overdoses of r a d i a t i o n ,  
t han  i n  t h e  case  of one a s t r o n a u t ' s  r ece iv ing  a l a r g e  dose." (Ref. 8) 

While any amount of r a d i a t i o n  from any source i s  damaging t o  t h e  
human organism, some guides  have been drawn up. Whether they w i l l  be 
v a l i d  i n  t h e  long run  f o r  space t r a v e l  remains t o  be seen.  Maximum t o t a l  
dosages i n  r e m  recommended by the  National Committee on Radia t ion  Pro tec-  
t i o n  and Measurements a r e :  
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FIGURE 2 .  T O P ,  "RIFLESHOT" IONIZATION PRODUCED BY COSMIC RAY 
OF HIGH Z NUMBER. BOTTOM, "BIRDSHOT" IONIZATION 
PRODUCED BY RADIATION OF LOW Z COSMIC RAY 
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Week 0 . 3  

Year 5.0  

Emergency 25.0 

L i f e t ime  225.0 

I 
I *  

The e f f e c t s  of whole-body i r r a d i a t i o n  a s  a f u n c t i o n  of dosage i s  
l i s t e d  i n  Table 1. 

A t h e o r e t i c a l  r a d i a t i o n  problem may f a c e  t h e  f u t u r e  i n t e r s t e l l a r  
space t r a v e l e r  who manages t o  a t t a i n  v e l o c i t i e s  approaching t h e  speed of 
l i g h t .  James Van Allen s p e c u l a t e s  on t h e  p o s s i b i l i t i e s  of r e l a t i v i s t i c  
r a d i a t i o n  produced by a v e h i c l e  t r a v e l i n g  a t  a v e l o c i t y  of 201,333,600 
mph (90,000 km/sec) c o l l i d i n g  wi th  i n t e r s t e l l a r  matter. Assuming t h a t  
t h e  space d e n s i t y  (remote from p lane t s )  i s  one hydrogen atom per  cub ic  
cen t ime te r  of space and t h a t  a v e h i c l e  i s  t r a v e l i n g  a t  0 . 3 ~  ( th ree - t en ths  
t h e  speed of l i g h t ) ,  t h e  s p a c e c r a f t  w i l l  be bombarded on i t s  f r o n t a l  area 
by 9 x l o 9  electrons/cm2sec and 9 x l o9  protons/cm2sec. 
t h e  v e h i c l e  and because of i t s  v e l o c i t y ,  t h e s e  p a r t i c l e s  have k i n e t i c  
e n e r g i e s  of 25 kev and 45 Mev r e s p e c t i v e l y .  I f  t h e r e  were no s h i e l d i n g  
on t h e  spaceship,  t h e  dose ra te  would be 20 x lo6 r /hr!  
a r e  made by Van A l l e n  t o  i l l u s t r a t e  t h e  magnitude of t h e  problem of 
r a d i a t i o n  and s h i e l d i n g  as v e l o c i t i e s  approach t h e  speed of l i g h t .  (Ref. 9) 

With r e s p e c t  t o  

The assumptions 

b. Nonionizing r a d i a t i o n .  The nonionizing r a d i a t i o n  environment 
of t h e  spaceship w i l l  c o n s i s t  of the same electromagnet ic  f r equenc ie s  as 
t h a t  on Earth.  B a s i c a l l y  they w i l l  be l i g h t ,  r a d i o  waves of va ry ing  f r e -  
quencies ,  microwave f r equenc ie s ,  w i t h , u l t r a v i o l e t  and i n f r a r e d  r a d i a t i o n s .  
With t h e  p o s s i b l e  except ion of t h e  i n f r a r e d ,  d i scussed  i n  t h e  s e c t i o n  on 
l i g h t  above, and microwave energy, t h e r e  a r e  appa ren t ly  no new hazards i n  
space t h a t  cannot be countered by known means. The f u l l  e f f e c t s  of micro- 
wave energy a r e  no t  y e t  known, bu t  s a f e t y  s t anda rds  a r e  being developed 
t o  prevent  i n j u r y  t o  personnel from t h i s  type of e lectromagnet ic  r a d i a t i o n .  
The photochemical r e a c t i o n s  produced by u l t r a v i o l e t  r a d i a t i o n ,  i . e . ,  t h e  
decomposition of t r i c h l o r e t h y l e n e  i n t o  phosgene, a poison gas ,  a r e  some- 
t i m e s  seen a s  a p o s s i b l e  hazard.  

5.  Mametic f i e l d s .  Man evolved on Earth i n  a magnetic f i e l d  of 
less  than  one gauss.  The e x t e n t  t o  which E a r t h ' s  magnetic f i e l d  shaped 
h i s  development or  t h e  p a r t  i t  plays i n  h i s  physiology i s  l a r g e l y  unknown. 
I n d u s t r i a l  workers r e p o r t  no ill e f f e c t s  a f t e r  being exposed t o  momentary 
f i e l d s  a s  g r e a t  a s  5000 gauss (0.5 Weber/m2). 
r a i s e d  i n  a f i e l d  of 5000 gauss showed amazing r e s u l t s :  
peared,  sexual  a rdo r  l e s sened ,  and you th fu l  looks remained. (Ref. 10) 

But experiments w i th  mice 
cancer  d i sap -  
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Table 1. E f f e c t s  of Whole-body Radia t ion  on Human Beings (Ref. 3) 

I 

Acute Dose 
( r  1 Probable E f f e c t s  on Persons Exposed 

0 t o  50 Some change i n  white  blood count .  

80 t o  120 Vomiting and nausea i n  one day t o  5 t o  10 per  c e n t  of 
t hose  exposed. 

130 t o  170 Vomiting, nausea,  some d i a r r h e a  f o r  one day, followed 
by l o s s  of a p p e t i t e ,  s o r e  t h r o a t  i n  some 25 per  c e n t  
of t hose  exposed. No dea ths  a t t r i b u t a b l e  t o  r a d i a t i o n .  

180 t o  240 Rad ia t ion  s i ckness  symptoms, a s  l i s t e d  above, f o r  one 
day i n  about 50 per c e n t  of t hose  exposed. No dea ths  
a t t r i b u t a b l e  t o  r a d i a t i o n .  

260 t o  330 Radia t ion  s i ckness  symptoms i n  a l l  persons exposed. 
Some 20 pe r  c e n t  dea ths  can  be expected w i t h i n  two t o  
s ix  weeks. 

400 t o  500 Radia t ion  s i ckness  symptoms i n  a l l  exposed. Approxi- 
mately 50 per  c e n t  w i l l  d i e  w i t h i n  one month. 

550 t o  750 A l l  persons exposed w i l l  e x h i b i t  r a d i a t i o n  s i ckness  
symptoms w i t h i n  4 h r .  Probably a l l  w i l l  d i e ,  a l though 
a ,few may l i v e .  

1000 A l l  persons exposed w i l l  vomit and become nauseated 
w i t h i n  1 t o  2 h r .  No s u r v i v o r s  expected. 

5000 Immediate i n c a p a c i t a t i o n  and dea th  w i t h i n  one week t o  
a l l  exposed. 
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The only observable effect on man is known as magnetic phosphene. I 

When the head is held in a collapsing or building field, a colorless, 
flickering light is often observed, especially if the eyes are moved. 
The phosphene occurs whether the eyes are open or closed. Soviet scien- 
tists suggest that a strong magnetic field can affect the nerve processes 
of the cerebral cortex. After hypnotizing a man and implanting a very 
strong scene in his mind, unknown to him, they placed a powerful magnet 

4 

t near his head and the picture immediately faded. 

The human anatomy is a wonderfully adaptable organism, but it has 
limits of elasticity and tensile strength that cannot be exceeded. Space 
flight, with its requirements for high accelerations, places stresses on 
the body that it never is called upon to sustain in other modes of trans- 
portation. Also ,  the human body and its individual organs respond in a 
complex way to vibrations within the range of frequencies to be expected 
in space flight. 

In addition to these mechanical effects of space flight upon the 
human body, another condition results that produces no mechanical stresses 
at all: weightlessness. Collectively these problems can be considered 
under the general heading of the biodynamics of space flight. 

r 

1. Acceleration. In examining the effects of acceleration, it 
is important to consider a novel concept of weight. Dr. Heinz Haber 
(Ref. 11) considers weight as "a subjective experience that is best de- 
fined as the resultant external force exerted on a body by a restraining 
agent in response to the forces of gravity and inertia." 
concept is of academic interest only to the engineer and physicist, it 
is a matter of some import to the physiologist and physician concerned 
with astronauts. (Ref. 12) An increase in weight caused by acceleration 
severely incapacitates and limits the astronaut: 
it results in a variety of physiological reactions and biological damage. 
Since human beings vary in their skeletal and muscular makeup, their 
tolerances to acceleration vary accordingly and limits are hard to define. 

While this 

beyond certain limits 

In general, acce1eration.associated with rocket launching produces 
two immediate effects: 

a. Mechanical interference with voluntary muscular activity ~t 

b. Interrupting of normal blood circulation with loss of vision 
and consciousness. 

.I 

Unlike other physiological stresses of space flight, the forces of 
acceleration cannot be attenuated or filtered. 
interfere with the muscular activity of the astronaut is indicated in Fig. 
3 which shows the range of movement possible under certain accelerations. 

The degree to which they 
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FIGURE 3 .  EFFECTS OF ACCELERATION ON MOVEMENT OF BODY 
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E s s e n t i a l l y  what happens during h igh  a c c e l e r a t i o n  i s  t h a t  t h e  blood 
becomes so  heavy ( a t  14 S'S t h e  blood weighs as  much as  mercury) t h a t  t h e  
h e a r t  can no longer  pump i t  t o  t h e  head. 
t h a t  t h e  blood vessels and organs of t h e  body a r e  e l a s t i c ;  t hus  t h e  blood 
t ends  t o  pool i n  t h e  abdomen and legs ,  assuming t h e  a c c e l e r a t i v e  f o r c e  i s  
a c t i n g  from f o o t  t o  head. When t h i s  occurs ,  a t  an a c c e l e r a t i o n  of about  
3.5 G I s ,  t h e  a s t r o n a u t  b l acks  out because t h e  retina of t h e  eyes can  no 
longe r  be supp l i ed  w i t h  blood. I f  t he  f o r c e  a c t s  i n  t h e  oppos i t e  d i r e c -  
t i o n ,  t h e  dynamics are  t h e  same except t h a t  t h e  blood tends t o  pool i n  
the head, and "red out" occurs .  

Coupled wi th  t h i s  i s  t h e  f a c t  

Another visual e f f e c t  i s  caused by a c c e l e r a t i o n  and was noted by t h e  
P r o j e c t  Mercury a s t r o n a u t s .  They experienced changes i n  v i s i o n  t h a t  can- 
no t  be explained by t h e  a l t e r a t i o n s  i n  blood dynamics desc r ibed  above. 

Acce le ra t ion  i s  b e s t  t o l e r a t e d  by p l a c i n g  t h e  a s t r o n a u t  supine on a 
s p e c i a l l y  contoured couch (as  shown i n  F ig .  4 )  o r  by a s p e c i a l  p r o t e c t i v e  
s u i t  (Fig. 5), which al lows him t o  s i t  i n  a more convent ional  seat from 
which he can detach himself and move about.  
Mercury a s  w e l l  a s  t h e i r  Sov ie t  coun te rpa r t s  used t h e  former means. The 
a s t r o n a u t s  of P r o j e c t  Apollo, on the o t h e r  hand, w i l l  use  t h e  l a t t e r  type 
of p r o t e c t i o n .  A purely experimental  device t o  p r o t e c t  man a g a i n s t  high 
a c c e l e r a t i o n s  is shown i n  Fig.  6 .  Developed by t h e  US Navy, t h i s  " I ron  
Maiden" i s  f i l l e d  wi th  water on which t h e  occupant f l o a t s .  So p r o t e c t e d  
and mounted on a c e n t r i f u g e ,  a naval r e sea rch  s c i e n t i s t  withstood 31 g's 
f o r  a pe r iod  of 5 sec. 

The ac;tronauts of P r o j e c t  

It appears  t h a t  t o l e r a n c e  t o  a c c e l e r a t i o n  can  be inc reased  by t r a i n -  
i n g  on such devices  as  c e n t r i f u g e s  and high-performance a i r c r a f t .  Both 
t h e  American a s t r o n a u t s  and Soviet  cosmonauts found t h a t  such t r a i n i n g  
helped them t o  withstand t h e  f o r c e s  c r e a t e d  during t h e  boos t  phase of 
f l i g h t .  But o t h e r  t h i n g s  a l s o  determine t o l e r a n c e  (Ref. 13) t o  a c c e l e r a -  
t i o n :  

a .  The d i r e c t i o n  i n  which the  f o r c e  i s  a p p l i e d  t o  t h e  body 

b. The magnitude of t h e  fo rce  

c. The l e n g t h  of t i m e  t h e  f o r c e  i s  a p p l i e d  

d. The r a t e  of onse t  of t he  f o r c e  

e. The manner i n  which t h e  body i s  supported 

f .  The ambient temperature 

g.  The oxygen l e v e l  of t h e  surrounding atmosphere 

h.  Length of t i m e  spen t  i n  ze ro  g r a v i t y  p r i o r  t o  a c c e l e r a t i n g .  
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FIGURE 4. CONTOURED COUCH FOR MERCURY ASTRONAUTS 
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FIGURE 6 .  EXPERIMENTAL, WATER-FILLED, " IRON MAIDEN" DEVELOPED 
BY US NAVY I N  ACCELERATION S T U D I E S  
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I To i l l u s t r a t e  t h e  i n t e r r e l a t i o n s h i p  of t h e s e  f a c t o r s ,  F ig .  7 shows 
1 

a US A i r  Force c a p t a i n  s u s t a i n i n g  a d e c e l e r a t i o n  (which can be considered 
I n e g a t i v e  a c c e l e r a t i o n )  of 83 G's.  But t h e  t i m e  i t  i s  a p p l i e d  i s  only 0 .1  

see a t  a ra te  of 5000 g s e c .  
a c c e l e r a t i o n  (Ref. 14) a r e  i l l u s t r a t e d  by t h e  curve i n  F ig .  8.  

* 
I n  general ,  t h e  l i m i t s  of t o l e r a n c e  t o  

I 

2 -  - Noise - and Vib ra t ion .  The psychophysiological e f f e c t s ,  e i t h e r  
s i n g l y  o r  combined, of no i se  and v i b r a t i o n  on t h e  human being have no t  
been f u l l y  i n v e s t i g a t e d .  However, some consequences of r epea ted  exposure 
t o  each i s  known. The consequences'of high i n t e n s i t y  n o i s e  a re  gene ra l ly  
two: a u d i t o r y ,  which produces deafness ,  and e x t r a - a u d i t o r y ,  which pro- 
duces psychological  e f f e c t s .  These a r e  u s u a l l y  temporary un le s s  damage 
occurs  t o  t h e  bond s t r u c t u r e  of t h e  middle e a r .  Drivers  of heavy t r u c k s ,  
t r a c t o r s ,  and army tanks o f t e n  r epor t  t r a c e s  of blood i n  t h e  u r i n e ,  p a i n  
i n  t h e  lower back and abdomen--all of which a r e  a t t r i b u t e d  t o  t h e  v i b r a -  
t i o n  they encounter occupa t iona l ly .  S i m i l a r l y  workers who u s e  impact o r  
v i b r a t i n g  t o o l s  o f t e n  s u f f e r  from Reynaud's phenomenon o r  "dead hand," 
a l o s s  of f e e l i n g  and s t i f f n e s s  i n  the f i n g e r s .  

To i l l u s t r a t e  t h e  e f f e c t s  of high i n t e n s i t y  sound on human beings,  
h e l i c o p t e r  crews were exposed t o  a noise  environment of 114 db (1  db = 

Those crew members wearing no e a r  p r o t e c t i o n  s u f f e r e d  a n  
average hea r ing  loss  of 22 db a f t e r  a 2-hr f l i g h t .  Those who wore combat 
helmets  had a 19-db loss, while  those who used c o t t o n  e a r  plugs had only 
a 6-db lo s s .  Members who wore s p e c i a l  ear defenders  had only a 3-db l o s s .  
Those wi th  no ear p r o t e c t i o n  required 32 h r  t o  r e g a i n  normal hea r ing ,  
while  t hose  who wore e a r  defenders  needed only 4.5 h r .  

W/m2). 

I The sound power l e v e l  of n o i s e  t o  be expected with t h e  launching of 
l a r g e  space carrier v e h i c l e s  i s  shown i n  Table 2. The s t r u c t u r e  of t h e  
manned cab in  can a t t e n u a t e  no i se  l e v e l s  o u t s i d e  i t  by about  10 db, bu t  
well-planned soundproofing can reduce t h e  l e v e l  by 25 db, and t h e  Mercury- 
type space s u i t  helmet reduces noise  by about 20 db. However, as  t h e  
o r b i t a l  f l i g h t s  of both t h e  American and Sov ie t  a s t r o n a u t s  proved, n o i s e  
du r ing  t h e  boost  phase of f l i g h t  i s  no p a r t i c u l a r  problem. The i n t e r i o r  

~ 

I n o i s e  l e v e l  of manned spacec ra f t  on extended o r b i t a l  o r  i n t e r p l a n e t a r y  
I f l i g h t  i s  no t  expected t o  be g r e a t  enough t o  p re sen t  i n s o l u b l e  problems, 
1 a l though  t h e  monotony occasioned by an  unvarying sound i n t e n s i t y  l e v e l  

may be unpleasant .  In  a d d i t i o n ,  noise  a t  v a r i o u s  l e v e l s  can produce 
annoyance, i n a t t e n t i o n ,  f a t i g u e ,  and o t h e r  behav io ra l  responses  t h a t  are  
u n d e s i r a b l e  i n  a c l o s e l y  designed man-machine u n i t .  (Ref. 15) 

The problems of v i b r a t i o n  so f a r  as  t h e  a s t r o n a u t  i s  concerned a r e  
g r e a t e s t  du r ing  t h e  boost  and powered phases of f l i g h t .  The e f f e c t s  of 
v i b r a t i o n  a r e  aggravated because the frequency range a t  which t h e  human 

I body i s  resonant  f a l l s  w i t h i n  t h e  high-amplitude, low f r equenc ie s  generated 
I i n  t h e  space v e h i c l e  by t h e  engine.  General ly  t h e s e  range between 0 .5  and 

I quency below 3 cps ,  o r  v a r i o u s  organs o r  p o r t i o n s  of t h e  anatomy may f i n d  

I 

20 cps.  Within t h i s  bandwidth t h e  body may respond a s  a whole a t  a f r e -  
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Table 2. Maximum Acoustic Power Generated by Space C a r r i e r  Vehicles  
(Ref. 3) 

Ca r r i e r  Vehicle Thrust  
l b  (Newtons) 

Power and Frequency Banda 
db and cps 

4 150,000 (6.7 x lo5 
600,000 (26.6 x 10 ) 

1,300,000 (57.8 x 105) 
3,000,000 (136 x 105) 
6,000,000 (266 x 105) 
7,500,000 (333 x lo5)  

12,000,ooo (532 105) 
22,000,000 (975 105) 

192; 37.5 t o  150 
200; 18.75 t o  75 
205; 18.75 t o  75 
208; 20 t o  60 
211;  20 t o  60 
212 
2 14 
220 

~ 

al db re: lO-I3 W/m2 
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a r  onanc , Experiments show that the n tural frequency of the head and 
neck is approximately 20 cps; the upper torso, 5 cps; the thoracic- 
abdomenal region, 3 cps; the pelvis, 5 and 9 cps. (Ref. 16) Vibrations 
generally within these frequency ranges can be expected at intermittent 
intervals during extended orbital or interplanetary space flight as atti- 
tude control or course corrections are made by reaction jets. Some vi- 
bration is experienced in reentry. 

The physical damage done to the body by ~ i b r z t i m  is cccasioned 
mainly by the displacement, straining, or detachment of tissue and organs. 
However, continued exposure to higher frequencies may produce basically 
psychological effects that result in changes in attitude, lack of en- 
thusiasm, and degraded work performance and efficiency. Such effects 
could be produced during extended orbital flight or free fall by vibra- 
tions resulting from machines with rotating parts transmitting them 
through the spacecraft structure. But careful design of fittings to damp 
vibrations within the critical ranges can alleviate this should it prove 
to be a real problem. (Ref. 17) 

3 .  Weightlessness. The dynamic weightlessness produced in orbital 
flight or free fall seems to be more of a nuisance than a hazard to the 
astronaut if the results of limited Soviet and American space flight can 
serve as a guide. Early orbital flight established that man can function 
while weightless. The anticipated disorientation resulting from the ef- 
fects of zero gravity on the vestibular apparatus failed to appear, except 
in the case of Soviet cosmonaut Gherman Titov, who experienced some nausea 
and disorientation. However, the long-term effects of continued weight- 
lessness are unknown and may present serious problems to personnel in 
extended space travel. 

In fact, the list of possible disorders predicted by doctors and 
physiologists includes such various disorders as ulcers, osteoporosis 
(or softening of the bones), orthostatic collapse, kidney stones, asthenia 
(or loss of muscle tone), and sinus trouble. In addition, mucus may ac- 
cumulate in areas of the body that depend on gravitational drainage. 
However, the heart's task will be easier since it will not be pumping 
the blood against the force of gravity. This may cause complications 
when the astronaut enters a gravitational field or experiences weight 
after longer periods of weightlessness. 

In a weightless environment normal means of walking is impossible. 
A s  a remedy, it is suggested that the astronaut be fitted with magnetic 
shoes and walk on steel plates, but.experimentation shows that the 
shuffling, skating gait required is very unnatural and inefficient. An 
alternate means often mentioned is the use of a compressed air jet, the 
reaction of which would propel the astronaut in the opposite direction. 

While perfectly feasible, such devices would be clumsy to use, es- 
pecially in close quarters. 
opposite and equal thrust would have to be applied. 

In order to halt at the desired point, an 
A body colliding 
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wi th  a hard o b j e c t  or s u r f a c e  would be h u r t  o r  damaged even though weight- 
l ess ,  s i n c e  i t  s t i l l  has  mass. Any use  of a j e t  propuls ion  system would 
a l s o  r e q u i r e  t h a t  t h e  f o r c e  be d i r e c t e d  through t h e  c e n t e r  of mass of t h e  
a s t r o n a u t ;  otherwise t h e  body would tumble and sp in .  (The incau t ious  
a s t r o n a u t  who sneezes  w i l l  a l s o  f i n d  himself  tumbling a t  a s p i n  r a t e  of 
0 . 2  rpm f o r  t h e  same reason .  ) 

A r t i f i c i a l  g r a v i t y  induced by c e n t r i f u g a l  f o r c e  i s  a l s o  suggested 
a s  a means of circumventing t h e  inconveniences of we igh t l e s sness .  Generally 
t h i s  i s  mentioned i n  conjunct ion  wi th  a torus-shaped space s t a t i o n  (Ref. 
18) r a t h e r  than  c y l i n d r i c a l  conf igu ra t ions .  I n  theory  t h i s  s o l u t i o n  seems 
t o  be bo th  p r a c t i c a l  and d e s i r a b l e .  The v a r i o u s  parameters  involved i n  
s e l e c t i n g  the optimum degree of a r t i f i c i a l  g r a v i t y  i n  a r o t a t i n g  space 
s t a t i o n  a r e  shown i n  F ig .  9 .  Point  A i n  t h i s  i l l u s t r a t i o n  r e p r e s e n t s  a 
t y p i c a l  c i r c u s  c a r o u s e l ,  while  po in t  B i s  t h a t  suggested by D r .  Wernher 
von Braun f o r  a torus-shaped s t a t i o n .  

However, a r t i f i c i a l  g r a v i t y  so produced has  a l i m i t a t i o n  i n  t h e  
appearance of C o r i o l i s  f o r c e s  t h a t  always appear  on a body due t o  simul- 

t a t i o n .  The e f f e c t  of t h e  C o r i o l i s  f o r c e  a c t i n g  on t h e  a s t r o n a u t  can  
become r e s t r i c t ive .  A convenient  equa t ion  f o r  computing t h e  magnitude 
of t h i s  fo rce  wi th  r e s p e c t  t o  t h e  a s t r o n a u t ' s  weight i s  

I taneous r o t a t i o n  i n  two d i f f e r e n t  p lanes  wi th  two d i f f e r e n t  r a d i i  of ro-  

where V = v e l o c i t y  of man walking 
W = weight of man wi th  r e s p e c t  t o  Earth 
n = c e n t r i f u g a l  a c c e l e r a t i o n  i n  
g = g r a v i t a t i o n a l  cons t an t  
r = r a d i u s  of r o t a t i n g  v e h i c l e  

The C o r i o l i s  f o r c e  w i l l  a l s o  in t roduce  e f f e c t s  t h a t  a r e  more annoying 
1 t han  dangerous u n t i l  t h e  a s t r o n a u t  l e a r n s  t o  compensate f o r  them, a s  

shown by Table 3 .  

A s  an a l t e r n a t e  means of producing a f e e l i n g  of weight ,  i t  i s  sug- 
ges t ed  tha t  t h e  s p a c e c r a f t  have a magnetic f i e l d  and t h a t  t h e  a s t r o n a u t  
wea rea  snugly f i t t i n g  s u i t  made of a f a b r i c  wi th  s t e e l  w i r e s .  (Refs.  

of t h e  sk in  and t h e  s k e l e t a l  muscles;  t h e  inne r  organs would be weight less  
and unaf fec ted  by t h e  magnetic f i e l d .  

I 20, 21) But t h i s  would produce a f e e l i n g  of weight only on t h e  s u r f a c e  
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I n  summary, t h e  r e s u l t a n t  e f f e c t s  of exposure t o  long-term weight- 
l e s s n e s s  a r e  unknown and w i l l  be descr ibed only a f t e r  long-term space 
t r a v e l ,  s i n c e  extended pe r iods  of weight lessness  cannot be produced on 
Earth.  It seems reasonable  t o  assume that  some b i o l o g i c a l  or physio- 
l o g i c a l  e f f e c t s  must acc rue .  

THE SPACE CABIN 

Once man leaves the gaseous sn-velope surrounding Ear th  f a  travel 
i n  space,  he must t a k e  along a micro-model of i t  i f  he i s  t o  remain a l i v e  
(unless  he i s  modified a s  suggested i n  Appendix 1). This  i s  t r u e  whether 
he i s  c i r c l i n g  t h e  Ea r th  a t  an  a l t i t u d e  of a few hundred m i l e s  or  i s  i n  
a s p a c e c r a f t  en  r o u t e  t o  Mars. 

H i s  space cab in  w i l l  have t o  employ one of t h r e e  forms of l i f e  
suppor t  systems: open, semiclosed, o r  c lo sed .  Generally speaking, t h e  
open system i s  of no p r a c t i c a l  va lue  t o  manned space f l i g h t  and has  been 
used only i n  b i o l o g i c a l  experiments involving small animals.  The s e m i -  
c lo sed  system i s  economical and e f f i c i e n t  only f o r  f l i g h t s  of a few weeks. 
For longer  pe r iods ,  t h e  c losed  system i s  mandatory. 

A. LIFE SUPPORT SYSTEHS 

1. Open System. I n  t h e  open l i f e  support  system a l l  b r e a t h i n g  gases  
must be s t o r e d  onboard, gene ra l ly  in t h e  compressed s t a t e ,  and exhaled 
gases  a re  vented overboard. S o l i d  wastes from animal passengers a r e  
s t o r e d  f o r  d i s p o s a l  a f t e r  t h e  f l i g h t .  Food and water ,  i f  necessary du r ing  
t h e  s h o r t  f l i g h t ,  a r e  of a kind n o t  r e q u i r i n g  r e f r i g e r a t i o n  o r  prepara- 
t i o n .  This  type of system has been used ex tens ive ly  by t h e  US and USSR 
a s  w e l l  a s  o t h e r  c o u n t r i e s  performing b i o l o g i c a l  experiments with small 
animals  i n  r o c k e t s  or  balloon-borne c o n t a i n e r s .  Generally it has an  
o p e r a t i o n a l  l i f e  of 1 t o  8 h r .  

2 .  Semiclosed Systems. This type  of l i f e  support  system i s  most 
of t e n  employed i n  manned a r t i f i c i a l  Earth s a t e l l i t e s  where t h e  planned 
f l i g h t  i s  from one day t o  t h r e e  weeks. I n  t h e  semiclosed l i f e  support  
system b r e a t h i n g  gas i s  u s u a l l y  s to red  i n  t h e  l i q u i d  s ta te  ( o r  under ve ry  
high pressure*) and b o i l e d  o f f  t o  supply t h e  cab in  and space s u i t s  of 
a s t r o n a u t s .  I n  a d d i t i o n ,  t h e  atmospheric p re s su re  e s t a b l i s h e d  by t h i s  
gas may be e i t h e r  one atmosphere, as it i s  i n  t h e  Vostok manned s p a c e c r a f t  
of t h e  USSR, o r  a lower va lue ,  a s  i t  is  i n  t h e  Mercury (Fig.  10) and Gemini 
capsu le s .  Liquid and s o l i d  wastes of t h e  a s t r o n a u t s  a r e  c o l l e c t e d  and 
s t o r e d  f o r  t h e  d u r a t i o n  of t h e  f l i g h t ,  and exhaled gases  a r e  passed 
through f i l t e r s  t o  remove the  carbon d i o x i d e ,  odors ,  and water vapor.  

;kThe S o v i e t s  r e p o r t  t h a t  t h e  oxygen f o r  Vostok was s t o r e d  " i n  h igh ly  
a c t i v e  chemical compounds from which i t  is  e a s i l y  e x t r a c t e d  without  
a d d i t i o n a l  power" (Ref. 22) .  
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The carbon d iox ide  must be removed by phys ica l  or  chemical means so 
t h a t  i t s  p a r t i a l  p re s su re  wi th in  the ambient atmosphere remains a t  a n  
a c c e p t a b l e  level.  The two most commonly used means a r e  mechanical f i l t e r s  
c o n t a i n i n g  a n  adsorbent  such as  a c t i v a t e d  charcoal  s i l i c a  g e l ,  a c t i v a t e ?  
alumina, and chemical f i l t e r s .  These l a t t e r  u n i t s  c o n s i s t  of c a n i s t e r s  
c o n t a i n i n g  a chemical such as  l i thium oxide o r  calcium oxide wi th  which 
carbon d iox ide  reacts. The carbon dioxide so t rapped i s  d r i v e n  o f f  a s  
a gas and vented overboard o r  simply s t o r e d ,  depending upon t h e  des ign  
of the  system-. Another means of removing carbon d iox ide  mentioned i s  
d i s s o l v i n g  i t  i n  a s o l u t i o n  of monoethanol amine. (Ref. 23) 

For f l i g h t s  longer  than  t h r e e  o r  fou r  weeks, t h e  only p r a c t i c a l  form 
of l i f e  support  system i s  t h e  closed e c o l o g i c a l  system. I n  i t  t h e  eco- 
l o g i c a l  c y c l e  of Ea r th  i s  reproduced on a minor s c a l e .  Graphical ly  t h i s  
c y c l e  i s  shown i n  F i g .  11. E s s e n t i a l l y  t h e  c y c l e  w i t h i n  t h e  space c a b i n  
i s  a s i m p l i f i e d  form of t h a t  shown he re .  

The c l o s e d  c y c l e  l i f e  support  system (Fig.  12) i n  theory a t  l eas t ,  
accounts  f o r  every atom. Bas i ca l ly  man i n h a l e s  oxygen and exhales  carbon 
d iox ide .  H i s  u r i n e  is  reprocessed t o  supply water f o r  t h e  system. P l a n t s  
of some form t a k e  up t h e  carbon dioxide and by photosynthesis  convert  it 
t o  oxygen and carbohydrates .  The p l an t  most o f t e n  mentioned f o r  t h i s  
f u n c t i o n  i s  a n  a l g a  o r  a l i chen .  Detailed d e s c r i p t i o n s  of such systems 
a re  numerous. Ref. 24, 25, and 26 a r e  t y p i c a l .  I n  a d d i t i o n  man i s  pic-  
t u r e d  a s  e a t i n g  t h e  a l g a e ,  which i n  t u r n  s u b s i s t  on h i s  metabol ic  wastes. 
I n  theory such a c y c l e  seems disarmingly simple,  bu t  i n  p r a c t i c e  i t  i s  
very d i f f i c u l t  t o  accomplish. For one th ing  t h e  power requirements are  
enormous (est imated between 2200 W/mn and 9600 W/man) e s p e c i a l l y  when it 
i s  r e a l i z e d  t h a t  they a r e  i n  a d d i t i o n  t o  o t h e r  power requirements  f o r  
communications, propuls ion,  e t c .  Since t h e  system r e q u i r e s  t h a t  t h e  
a l g a e  i n  a water suspension be c i r c u l a t e d  c o n s t a n t l y ,  a pumping system 
i s  c a l l e d  f o r  t h a t  w i l l  ope ra t e  i n  z e r o  g r a v i t y  (assuming no a r t i f i c i a l  
g r a v i t y ) .  There i s  also t h e  danger t h a t  b a c t e r i a  w i l l  i n f e c t  t h e  a l g a l  
colony and des t roy  enough of i t  t o  upset  t he  system s e r i o u s l y .  Also, 
i f  man a t t empt s  t o  l ive exc lus ive ly  o f f  t h e  a l g a e ,  h e  may develop a n  
a l l e r g y  t o  i t .  I n  order  t o  maintain t h e  d e l i c a t e  ba l ance  between t h e  
a l g a e  needed t o  support  a crew, (estimated a t  1 lb/man o r  2 . 2  kg/man) new 
a l g a e  have t o  be ha rves t ed  constant ly .  
can  be s t o r e d  or  e a t e n  f a s t  e n o u g h t o  keep t h e  c y c l e  i n t a c t .  Perhaps t h e  
g r e a t e s t  drawback t o  such a system i s  that a l g a e  a re  ve ry  unpa la t ab le .  
No matter how they a r e  processed they can never be made t o  t a s t e  good. 
The p rospec t s  of mustering a space crew would seem dim once p rospec t ive  
members l ea rned  they would b e  r equ i r ed  t o  s u b s i s t  o f f  of reprocessed 
u r i n e  and a l g a e .  

It remains t o  b e  seen  whether it 

On extended f l i g h t s ,  ano the r  problem may a r i s e  t o  complicate t h e  
l i f e  support  system. I n  view of t h e  v a r i o u s  e l e c t r i c a l  components aboard 
t h e  s p a c e c r a f t ,  t h e r e  may be a s i g n i f i c a n t  amount of i on ized  a i r  produced 
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by high-vol tage and high-frequency d i scha rges .  The e f f e c t  of ionized a i r  
on human beings i s  an  a r e a  t h a t  has  not  been f u l l y  i n v e s t i g a t e d ,  bu t  f i n d -  
i n g s  t o  da t e  i n d i c a t e  t h a t  i t  may be important  enough t o  m e r i t  d e t a i l e d  
experimentation and s tudy ,  (Ref. 27) Experiments i n  Germany i n d i c a t e  
t h a t  t h e  o r a l  b rea th ing  of p o s i t i v e  ions  a r t i f i c i a l l y  generated have a 
s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on r e s p i r a t i o n  r a t e ,  pu l se  r a t e ,  and 
a lpha  rhythm frequency ( b r a i n  a c t i v i t y ) .  Sov ie t  s c i en t i s t s  c la im t h a t  
a t h l e t e s  who breathed nega t ive  ions  f o r  15 min a day over a pe r iod  of 25 
days were a b l e  t o  maintain a s t acda rd  g r i p  on a dynamometer 46 per  c e n t  
longer  than c o n t r o l  s u b j e c t s .  (Ref. 28) The gene ra l  e f f e c t s  seem t o  be 
t h a t  nega t ive  ions  produce a f e e l i n g  of r e l a x a t i o n  and mild euphor i a ,  
while p o s i t i v e  ions  produce o r  c o n t r i b u t e  t o  nausea,  headaches, i r r i -  
t a b i l i t y ,  d i z z i n e s s ,  and s o r e  t h r o a t .  

Another i n t e g r a l  p a r t  of t h e  space cab in  l i f e  support  system w i l l  
b e  concerned with foods and feeding.  R e l a t i v e l y  s imple foods and f eed ing  
implements (F ig .  13) were developed and proven du r ing  t h e  Mercury and 
Vostok space f l i g h t s .  But f o r  longer voyages a more s o p h i s t i c a t e d  system 
and b e t t e r  d i e t  must be provided. 

Recent advances i n  food processing i n d i c a t e  t h a t  i t  may be p o s s i b l e  
t o  t a k e  along f r e s h  foods wi th  a minimum of waste. Thus i t  i s  suggested 
t h a t  some foods can be i r r a d i a t e d  with gamma r a y s  and wrapped i n  papers 
made of e d i b l e  f i b e r s .  Since t h e r e  w i l l  probably b e  s u f f i c i e n t  wa te r ,  
some dehydrated and f r e e z e - d r i e d  foods can be s tocked.  Frozen foods,  i n  
e d i b l e  wrappers, a r e  a l s o  a p o s s i b i l i t y .  The only processed foods def-  
i n i t e l y  ru l ed  o u t  a r e  t i nned  goods. Their i n i t i a l  weight and empty con- 
t a i n e r s  make them uneconomical. 

A k i t chen  e s p e c i a l l y  developed f o r  use i n  a s p a c e c r a f t  i s  shown i n  
F i g .  13. Th i s  u n i t  i s  capable  of f eed ing  t h r e e  men f o r  a per iod of two 
weeks, and i t  w i l l  ope ra t e  i n  ze ro  g r a v i t y .  

I t  i s  a l s o  suggested t h a t  f o r  i n t e r p l a n e t a r y  voyages t h e  c losed  l i f e  
support  s y s t e m  be modified t o  inc lude  animals  i n  t h e  man-alga e c o l o g i c a l  
c y c l e .  I f  f i s h  or  o the r  a q u a t i c  l i f e  were placed i n t o  t h e  c y c l e ,  f r e s h  
p r o t e i n  could be introduced i n t o  t h e  food supply.  Other animals sug- 
ges t ed  include y e a s t ,  shrimp, s l u g s ,  s n a i l s ,  and g o a t s .  (Ref. 29) How- 
e v e r ,  such a menagerie seems u n l i k e l y ,  a t  l e a s t  on t h e  f i r s t  i n t e r p l a n e t a r y  
spaceships .  

B. SPACE SUITS 

The purpose of t h e  space s u i t  i s  t o  provide p r o t e c t i o n  t o  t h e  a s t r o -  
n a u t  a g a i n s t  t h e  environment of space.  I t  seeks t o  do e x a c t l y  what t h e  
deep sea d iv ing  s u i t  does--protect  t h e  wearer from a l e t h a l  environment. 
I n  i t s  b a s i c  form i t  compensates f o r  t h e  vacuum and s u p p l i e s  him with a 
b rea th ing  gas .  In i t s  more complex forms i t  may provide p r o t e c t i o n  a g a i n s t  
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r a d i a t i o n  and f i r e .  The i d e a l  space s u i t  has  been desc r ibed  a s  one t h a t  
would " s a t i s f y  a chorus g i r l  f o r  l i g h t n i n g  changes and a n  a c r o b a t  f o r  
mob i l i t y . "  (Ref. 30) T h i s  degree of f l e x i b i l i t y  i s  not  l i k e l y  t o  be 
r e a l i z e d  soon i f  e x t r a p o l a t i o n s  can  be made from p resen t  models. 

Typical space s u i t s  a r e  shown i n  F igs .  1 4 . 1  through 14.4.  While 
t h e s e  a l l  o f f e r  some degree of f l e x i b i l i t y  and m o b i l i t y ,  they a r e  de- 
s igned f o r  the Mercury (Fig.  1 4 . 1 ) ,  Gemini, and Vostok (Fig.  14.2) space- 
c r a f t ,  i n  which t h e  a s t r o n a u t  i s  r e l a t i v e l y  immobile and no t  r e q u i r e d  t o  
l eave  h i s  s ea t  and move about .  A s  c lo sed  l i f e  support  systems become 
more r e l i a b l e ,  t h e  need f o r . t h i s  type of s u i t  w i t h i n  t h e  cab in  w i l l  l e s s e n .  
I t s  use w i l l  b e  reserved f o r  emergencies and excursions o u t s i d e  t h e  space- 
c r a f t .  The l i f e  support  sys t em f o r  t h e  Apollo s p a c e c r a f t  c a l l s  f o r  a 
s h i r t  s leeves environment, wherein t h e  a s t r o n a u t s  w i l l  wear a p a r t i a l  
space s u i t .  

The i d e d  space s u i t  would accomplish t h e  following: 

1. Provide p r o t e c t i o n  a g a i n s t  t h e  vacuum of space,  and t o  some 
degree,  t h e  temperature and r a d i a t i o n .  

2. Contain a s e l f - r e g e n e r a t i n g  oxygen supply capab le  of extended'  
o p e r a t i o n .  

3. Provide a means of e x t e r n a l  communications f o r  t h e  wearer. 

4. Have p rov i s ions  f o r  feeding and d r ink ing  without  breaking t h e  
s e a l e d  atmosphere of t h e  s u i t .  

5 .  Permit t h e  c o l l e c t i o n  and temporary s t o r a g e  of metabol ic  wastes  
from t h e  wearer. 

6 .  Be l i g h t  and f l e x i b l e  enough t o  be worn f o r  long per iods of 
t i m e .  (Ref. 31) 

The advanced space s u i t  shown i n  F ig .  1 4 . 3  i s  p res su r i zed  t o  3.5 p s i  
(3516 kg/m2); y e t  i t s  c o n s t r u c t i o n  permits  a high degree of m o b i l i t y ,  
and i t  weighs only 21 l b  (10 kg) .  
5 min. 
a s p e c i a l  aluminized c o v e r a l l ,  a s  i n  F i g ,  14.4,  t h a t  o f f e r s  a d d i t i o n a l  
p r o t e c t i o n  from h e a t  and f l a s h  f i r e s .  
void between t h e  s u i t  and c o v e r a l l  with water o r  a s a t u r a t e d  hydrocarbon 
s o l u t i o n  f o r  a d d i t i o n a l  p r o t e c t i o n  a g a i n s t  r a d i a t i o n .  The helmet can be 
adapted t o  accep t  a s e l f - con ta ined  r a d i o  u n i t .  The b r e a t h i n g  gas f o r  
t h e  s u i t  is supp l i ed  from a n  e x t e r n a l  s t o r a g e  tank i n  t h e  l i f e  support  
s y s t e m  of t h e  s p a c e c r a f t .  

It can be donned by t h e  wearer i n  about  
Made of nylon c l o t h  with neoprene corrugated j o i n t s ,  i t  a l s o  has  

P rov i s ions  e x i s t  f o r  f i l l i n g  t h e  

, 
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FIGURE 14.1.  PROJECT MERCURY 
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FIGURE 14.2.  VOSTOK COSMONAUT 
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FIGURE 14.3. ADVANCED US DESIGN 
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FIGURE 14 .4 .  ALUMINIZED COVERALL THAT OFFERS F I R E  AND 
RADIATION PROTECTION WHEN WORN OVER (3) 
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A unique f e a t u r e  of t h i s  s u i t  i s  the s p e c i a l  biopack t h a t  f i t s  on 
t h e  back (Fig. 15). With t h i s  u n i t  the wearer has  an  independent a i r  
supply and r egene ra t ion  system t h a t  w i l l  f u n c t i o n  f o r  6 h r .  The u n i t  
weighs only 50 l b  (22.67 kg) (on Earth) and r e q u i r e s  no e lec t r ic  power. 

A d i f f e r e n t  type of space s u i t  i s  shown i n  F ig .  16. It was de- 
veloped e s p e c i a l l y  f o r  u se  on t h e  Moon. Cons i s t ing  of two p ieces ,  i t  has  
a t r i p o d  support  t h a t  permits  t h e  occupant t o  withdraw h i s  l e g s  f o r  rest- 
i n g  o r  s l eep ing .  The =zit con ta ins  a two-way r a d i o  system, w a t e r  tank,  
food s t o r a g e  f a c i l i t i e s ,  and a l i g h t i n g  system. Spec ia i  monitorizg sys- 
t e m s  i n s i d e  t h e  s u i t  t r ansmi t  danger s i g n a l s  i n  case of a n  emergency. - 

The problem of locomotion i n  a weight less  environment i s  d i scussed  
above. However, a s p e c i a l  propuls ion pack and biopack have been de- 
veloped and t e s t e d  during b r i e f  periods of ze ro  g r a v i t y  produced i n  cargo 
a i r c r a f t  f l y i n g  b a l l i s t i c  t r a j e c t o r i e s .  This  dev ice  i s  shown i n  F ig .  
1 7 .  It has  a g y r o - s t a b i l i z e d  guidance system and u t i l i z e s  hydrogen 
peroxide a s  a monopropellant f o r  i t s  j e t  nozzles .  The pack a l s o  con- 
t a i n s  a n  i n t e g r a l  oxygen supply of 4 hr .  Another i n t e r e s t i n g  bu t  n o t  
v e r y  p r a c t i c a l  experiment i n  propuls ion of a we igh t l e s s  i n d i v i d u a l  i s  
shown i n  Fig.  18. Here t h e  experimenter has  a compressed a i r  tank 
s t r a p p e d  t o  h i s  back and a t t empt s  t o  propel  himself w i th  a n  a i r  p i s t o l  
a t t a c h e d  t o  t h e  tank. Since it i s  d i f f i c u l t  t o  judge t h e  c e n t e r  of mass, 
t h e  r e a c t i o n  t o  t h e  j e t  p i s t o l  produces tumbling and spinning.  A b e l t -  
type dev ice  of t h e  same p r i n c i p l e  i s  a l s o  shown i n  F ig .  18, being t e s t e d  
i n  a cargo a i r c r a f t .  

For ope ra t ions  o u t s i d e  t h e  space cab in ,  some a u t h o r i t i e s  b e l i e v e  
t h a t  t h e  environment w i l l  preclude the development of r e l i a b l e  space s u i t s  
with biopack and locomotion a d a p t e r s  of t h e  type desc r ibed  above. The 
only a l t e r n a t i v e  seems t o  be a " b o t t l e  s u i t . "  Again t h e r e  i s  t h e  analogy 
of p r o t e c t i n g  deep sea d i v e r s .  Conventional d iv ing  s u i t s  a r e  l i m i t e d  t o  
cer ta in  depths beneath which the  pressure i s  too g r e a t  t o  be counteracted 
by p r e s s u r e  w i t h i n  the s u i t s .  The b o t t l e  s u i t  concept has  t h e  a s t r o n a u t  
i ncapsu la t ed  i n  a r i g i d ,  pressurized s t r u c t u r e .  The s u i t  i s  maneuvered 
by small t h r u s t e r s  and i s  s t a b i l i z e d  gy roscop ica l ly .  A s  shown i n  Fig.  
19,  work can  be performed by mechanical arms manipulated from c o n t r o l s  
w i t h i n  t h e  s u i t .  

Thus man's s u r v i v a l  of space f l i g h t  i s  t h e  u l t i m a t e  goal  f o r  any 
space ven tu re ,  and a l l  designs and c o n f i g u r a t i o n s  must be planned toward 
t h i s  end. The v u l n e r a b i l i t y  of man wi th  h i s  s t r u c t u r a l  l i m i t a t i o n s  g r e a t l y  
complicates  space e x p l o r a t i o n  v e h i c l e s ;  y e t  man i s  a n  i n t e g r a l  p a r t  of 
t h e  space v e h i c l e  system, and i n  the e n t i r e  complex t h e  most c r i t i c a l  
element of space f l i g h t  success .  



FIGURE 15. BIOPACK FOR SPACE S U I T  
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FIGUKE 1 6 .  SPACE SUIT DEVELOPED FOR USE OX ?IOOS 
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FIGURE 1 7 .  COMBINATION LOCOMOTION AND BIOPACK FOR SPACE SUITS 
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FIGURE 19 .  CONCEPT OF A "BOTTLE S U I T "  FOR USE I N  SPACE 
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APPENDIX 

THE CYBORG CONCEPT 

D r .  Nathan S. Kline and a coworker, Manfred Clynes, of t h e  Rockland 
S t a t e  Hosp i t a l ,  Orangeburg, New York, b e l i e v e  t h a t  i t  may u l t i m a t e l y  be 
necessary t o  b i o l o g i c a l l y  adapt  man t o  t h e  a l i e n  environment of space 
r a t h e r  than t o  t r y  t o  c o n s t r u c t  a r e l i a b l e  microenvironment of Earth f o r  
him t o  t a k e  i n t o  space.  The concept t h a t  they 'nave evolved i s  t h a t  of 
t h e  cyborg, a being t h a t  " d e l i b e r a t e l y  inco rpora t e s  exogenous components 
extending t h e  s e l f - r e g u l a t o r y  c o n t r o l  func t ion  of t h e  organism i n  order  
t o  adapt  t o  new environments." (Refs. 32, 33) Kline and Clynes f e e l  
t h a t  t h e  p re sen t  approach of c r e a t i n g  a microenvironment of Ea r th  f o r  man 
t o  t a k e  i n t o  space i s  a "dangerous temporizing" i n  a s o l u t i o n  t o  t h e  prob- 
lem. I n  t h e  long run it i s  no more s a t i s f a c t o r y  than  it would be f o r  a 
f i s h  wanting t o  l i v e  on land t o  attempt t o  do so by c a r r y i n g  a s m a l l  
q u a n t i t y  of water around with i t .  B a s i c a l l y  t h e s e  two s c i e n t i s t s  f e e l  
t h a t  t he  proper approach i s  one t h a t - p e r m i t s  man t o  adapt  himself t o  an  
a l i e n  environment ( i n  t h i s  ca se  space) without tampering with h i s  h e r e d i t y .  
Obviously man could never adapt  by evo lu t ion  t o  l i f e  i n  space or  on 
ano the r  p l a n e t .  

The idea i s  t o  adapt  man by biochemical, phys io log ica l ,  and e l e c t r o n i c  
mod i f i ca t ions  t o  a new environment. I n  so doing, t h e  mod i f i ca t ions  must 
be t i e d  i n t o  t h e  body's homeostatic c o n t r o l  system so  t h a t  no conscious 
e f f o r t  i s  needed by man t o  c o n t r o l  them. Put more simply, t h e  psycho- 
phys io log ica l  problems of space t r a v e l  can be solved p ragmat i ca l ly .  Thus 
i f  b rea th ing  i n  a vacuum i s  a major problem, which i t  obviously i s ,  t h e n  
t h e  best: s o l u t i o n  i s  t o  do away with t h e  process of b rea th ing .  An a r t i -  
f i c i a l  organ could be developed t o  r e p l a c e  t h e  lungs.  I n  t h i s  u n i t  t h e  
blood could be shunted fromthepulmonary a r t e r y  through a dev ice  t h a t  
would chemically reduce t h e  carbon d iox ide ,  r e t u r n i n g  t h e  r i g h t  amount of 
oxygen t o  the  blood. Perhaps some form of an  inve r se  f u e l  c e l l  could be 
used. 

S i m i l a r l y  t h e  problem of t h e  d i sposa l  of metabol ic  wastes can be 
b e s t  solved by processing u r i n e  d i r e c t l y  from t h e  u r e t e r  through a shunt 
t h a t  could convert  t h e  urea t o  carbon d iox ide  and ammonia. The f i r s t  gas  
could be processed by t h e  i n v e r s e  fue l  c e l l  mentioned a l r e a d y ,  and t h e  
ammonia could be otherwise disposed of .  Feces, l i kewise ,  could be t r e a t e d  
i n  a m i n i a t u r e  s e p t i c  tank stocked with a p p r o p r i a t e  pathogens. Other 
problems invo lv ing  t h e  body's endocrine system, glands,  and muscular 
system might be solved i f  some automatic means were a v a i l a b l e  f o r  slowly 
in t roduc ing  chemicals i n t o  t h e  body. 

Such a device does e x i s t - - t h e  Rose osmotic p r e s s u r e  pump, seen 
emplaced on a r a t  i n  F ig .  20. The pump shown i n  t h i s  p i c t u r e  has  s i n c e  
been reduced i n  s i z e .  It c o n s i s t s  of a Congo r e d  s o l u t i o n  i n  a rubber 
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bag w i t h i n  one compartment con ta in ing  t h e  chemical t o  be i n j e c t e d .  
Separated by a cel lophane b a r r i e r  is  a compartment con ta in ing  water. 
The water, by osmotic p re s su re ,  m o v e s  i n t o  t h e  Congo red compartment and 
expands i t  (Fig.  21).  This  a c t i o n  produces t h e  mechanical f o r c e  needed 
f o r  t h e  pumping a c t i o n .  
t h e  t h i c k n e s s  of t h e  cel lophane or i t s  a r e a .  Through the  use of such a 
pump con ta in ing  a biochemical and a n  a p p r o p r i a t e  sensing device,  a c losed  
loop can be formed t h a t  r e q u i r e s  no conscious e f f o r t  on t h e  p a r t  of t h e  
body. 

The r a t e  of f low can be a d j u s t e d  by va ry ing  e i t h e r  

The r e a l i z a t i o n  of t h e  cyborg may b e  c l o s e r  t han  i s  a t  f i r s t  appa ren t .  
( R e f s .  3 4 ,  3 5 ,  and 36)  A r t i f i c i a l  organs a r e  i n  an  advanced s t a t e  of 
development--two models of a n  a r t i f i c i a l  h e a r t  cons t ruc t ed  and t e s t e d  i n  
dogs are shown i n  F ig .  22. Similar  dev ices  have been b u i l t  i n  Russia ,  
England, and Sweden. It i s  known t h a t  Sov ie t  medical s c i e n t i s t s  a r e  pur- 
su ing  s t u d i e s  a long  l i n e s  t h a t  could be a p p l i e d  t o  t h e  cyborg concept. 
They have, f o r  example, succeeded i n  using f i n e  platinum and tantalum 
wires t o  r e p l a c e  t h e  s c i a t i c  and vagus nerves  i n  dogs and a r e  experi-  
menting with t h e  replacement of o p t i c  nerves .  I n  ddd i t ion ,  they have 
a l s o  succeeded i n  us ing  the  b i o p o t e n t i a l  of t h e  muscles t o  ope ra t e  pros-  
t h e t i c  app l i ances .  I n  one case a p a t i e n t  wrote h i s  name on a blackboard 
us ing  an a r t i f i c i a l  hand c o n t r o l l e d  by b i o c u r r e n t s .  



46 

0 

u 
H 
E-l 

2 
0 

w 
m 
2 

5 
H 
3 
u 
H 

I 
' I  



n 

V 
H z 
H 
&l u 

N 
N 



48 

1. 

2. 

3.  

4 .  

5 .  

6 .  

7 .  

8 .  

9.  

10.  

11. 

1 2 .  

13.  

REFERENCES 

Hitchcock, Fred A.  , "Space Medicine," Modern Medicine, (September 15, 
1959),  210. 

S l a g e r ,  Ursula T . ,  Space Medicine. Englewood C l i f f s ,  N . J . :  P r en t i ce -  
H a l l ,  I n c . ,  1962. 

Ordway, F .  I . ,  J. P. Gardner, M .  R .  Sharpe, Basic As t ronau t i c s .  
Englewood C l i f f s ,  N . J . :  P r en t i ce -Ha l l ,  I n c . ,  1962. 

Strughold,  Hubertus, "Introduct ion" i n  V i s t a s  i n  A s t r o n a u t i c s ,  ed. 
Morton Alperin e t  a l .  New York: Pergamon P r e s s ,  I n c . ,  1958, p.  282. 

Strughold,  Hubertus, "Basic Fac to r s  i n  Manned Space Operations," i n  - 
Man I n  Space, ed. KI F.  Gantz. 
1959, p .  33. 

New York: Duel i ,  Sloan and Pearce,  

Gerathewohl, S.  J.  and G.  R.  Steinkamp, "Human F a c t o r s  Requirements 
f o r  Pu t t ing  a Man i n t o  Orbi t , ' '  i n  IXth I n t e r n a t i o n a l  A s t r o n a u t i c a l  
Congress, Proceedings,  1958, ed.  F.  Hecht. Vienna: Springer-Verlag,  
1959, p .  608. . 
Schaefer,  H. J. and Abner Golden, "Solar In f luences  on t h e  Extra- 
atmospheric Radiat ion F i e l d  and Their  Radiobiological  Impl i ca t ions , "  
i n  Physics and Medicine of t h e  Atmosphere and Space, eds .  0. 0. Benson, 
Jr. and Hubertus Strughold.  New York: John Wiley and Sons, I n c . ,  
1960, 157. 

Ordway e t  a l . ,  op. c i t . ,  p .  497. 

Van Allen,  J. A . ,  "On t h e  Radiat ion Hazards of Space Travel , ' '  i n  
Physics and Medicine of t h e  Atmosphere and Space, eds .  0. 0. Benson 
and H. Strughold.  New York: John Wiley and Sons, I n c , ,  1960, p. 1. 

E i s e l e i n ,  J .  E.  e t  a l . ,  "Biological  E f f e c t s  of Magnetic F i e l d s  - -  
Negative Resu l t s , "  Aerospace Medicine, 32 ,  No. 5 may 1961), 383. 

Haber, Heinz, "Gravity,  I n e r t i a ,  and Weight," i n  Physics  and Medicine 
of the Upper Atmosphere, eds.  C .  S .  White and 0 .  0 .  Benson, Jr. 
Albuquerque, N e w  Mexico, The Un ive r s i ty  of New Mexico P r e s s ,  1953, 
p .  1 2 7 .  

S l age r ,  op. c i t . ,  p .  210-211. 

Ordway e t  a l . ,  op. c i t . ,  p .  463. 



49 

14. Thompson, A. B . ,  "A Proposed New Concept f o r  Estimating t h e  L i m i t  
of Human Tolerance t o  Impact Accelerat ion,"  Aerospace Medicine, 
No. 11 (November 1962), 1349. 

33, 

15. Broadbent, D. E . ,  "E f fec t s  of Noise on Behavior," i n  Handbook of I 

Noise Con t ro l ,  ed. C y r i l  Harris. New York: McGraw-Hill Book Co., 
1960, p. 10-1. I 

I 

16. Magid, E -  R .  an6 R. K. C ~ e r m i i i i i ,  "The Reaction of the Human Body 
t o  Extreme Vibrat ion,"  i n  1960 Proceedings of t h e  I n s t i t u t e  of En- 
vironmental  Sciences Nat ional  Meeting, A p r i l  6-9, 1960, Los Angeles, I 

C a l i f .  M t .  Prospect ,  Ill.: I n s t i t u t e  of Environmental Sciences,  
1960, p. 135. 

I 

17. Kramer, S.  B. and R. A. Byers, "A Modular Concept f o r  a Multiman 
Space S ta t ion , "  i n  Proceedings of t h e  Manned Space S t a t i o n  Symposium, 
Los Angeles, C a l i f . ,  A p r i l  20-22, 1960. New York: I n s t i t u t e  of t h e  
Aeronaut ical  Sciences,  1960, p. 36. I 

I 

18. von Braun, W . ,  ' M u l t i - s t a g e  Rockets and A r t i f i c i a l  S a t e l l i t e s , "  i n  
Space Medicine, ed. J. P. Markerger. Urbana, Ill. : Unive r s i ty  of 
I l l i n o i s  Press ,  1951, p. 14. 

19. Dole, S. H . ,  "Design Cri ter ia  f o r  Ro ta t ing  Space S ta t ions , "  Rand 
Corporation Report RM-2668, 1960. 

20. C la rk ,  Carl C .  and James D. Hardy, "Gravity Problems i n  Manned 
Space S ta t ions , "  i n  Proceedings of t h e  Manned Space S t a t i o n s  Sym- 
posium, Los Angeles, C a l i f . ,  A p r i l  20-22, 1960. New York: I n s t i t u t e  
of t h e  Aeronaut ical  Sciences,  1960, p. 104. 

21. Haber, Heinz, Man'in Space. Minneapolis, Minn.: Bobbs-Merrill,  
1953, p. 175. 

22. Genin, A. M. e t  a l . ,  "Short and Long Duration L i f e  Support Systems." 
Paper a t  t he  I n t e r n a t i o n a l  Symposium on Basic Environmental Problems 
of Man i n  Space, UNESCO House, P a r i s ,  October 29 t o  November 2, 1962. 

23. S t i l l ,  W. E . ,  "High-al t i tude Chamber and P res su re  S u i t s  and Their  
P a r t  i n  Manned F l i g h t  t o  t h e  Moon," Jou rna l  of t h e  B r i t i s h  I n t e r -  
P l ane ta ry  Soc ie ty ,  17 ,  P a r t  8 ,  (March-April 19601, 239. 

~ 

24. Meyers,  J . ,  "Use of Photosynthesis i n  a Closed Ecological System," 
i n  Physics  and Medicine of t h e  Atmosphere and Space, eds.  0. 0. 
Benson and H. Strughold.  New York: John Wiley and Sons, I n c . ,  
1960, p. 388. 

i 25. Gaume, J. G . ,  "P lan t s  as a Means of Balancing a Closed Ecological  
System," Journal  of As t ronau t i c s ,  4 ,  No. 4 (winter  1957), 72-75. 



50 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Jacobson, S. L., "Engineering of the Sealed Cabin Atmosphere Control 
System," Aerospace Medicine, 31, No. 5 (January-December 1960) , 388. 

Davis, J. B., "Review of Scientific Information on the Effects of 
Ionized Air on Human Beings and Animals," Aerospace Medicine, 34, 
No. 1 (January 1963), 35. 

Battelle Memorial Institute, public release N o .  28-61, April 6, 1961. 

Tischer, R. J., "Feeding the Astronauts," Astronautics, 5, No. 7 
(August 1960) , 40. 
David, H. M., "Life Scientists Demand Top Priority," Missiles and 
Rockets, 8, No. 22 (May 29, 1961), 92. 

Ordway et al., op. cit., p. 516. 

Kline, N. S. and M. Clynes, "Drugs, Space, and Cybernetics: Evolu- 
tion to Cyborgs," in Psychophysiological Aspects of Space Flight, 
ed. B. E. Flaherty. New York: Columbia University Press, 1961, p. 
345. 

Clynes, Manfred and N. S. Kline, "Cyborgs and Space," Astronautics, 
5, N o .  9 (September 1960), 26. 

Pogrund, R. S., "Human Engineering or Engineering of the Human - 
White?" Planetary and Space Science, 7 (July 1961) , 395. 
Clarke, A. C. , "The Evolutionary Cycle from Man to Machine," In- 
dustrial Research 3, No'. 5 (November 1961), 30. 

MacGowan, Roger A., "On the Possibilities of the Existence of Extra- 
terrestrial Intelligence," in Advances in Space Science and Technology, 
Vol. 4, ed. F. I. Ordway, 111. New York: Academic Press, Inc., 1962, 
39. 

3 

1 



51 

BEBLIOGRAPHY 

1. Adams, Car sb ie  C . ,  Space F l i P h t ,  S a t e l l i t e s ,  Space Ships ,  Space 
S t a t i o n s  and Space Travel Explained. New York: M c G r a w - H i l l  Book 
Co. , 1958. 

2. Ades , H. W. , S. N. M o r r i l l ,  A. Graybiel , and G. C. To lhur s t  , 'Thresh- 
o ld  of Aural P a i n  t o  High I n t e n s i t y  Sound," Aerospace.Medicine, XXX, 
No. 9 (1959), 678. 

3. Alexander, H. S., "Bio-magnetics," i n  1960 Proceedings of t h e  I n s t i -  
t u t e  of Environmental Sciences National Meeting, M t .  Prospect ,  Ill.: 
I n s t i t u t e  of Environmental Sciences,  1960, 119. 

4 .  Armstrong, H. G . ,  ed . ,  Aerospace Medicine. Baltimore: The W i l l i a m s  
S. Wilkins Company, 1961. 

5. Bagley, W. P. , "Biological  E f f e c t s  of High I n t e n s i t y  Noise," The 
J o u r n a l  of Environmental Sciences,  3, No.  3 (1960), 24. 

6.  Bambenek, R. A. and J. D. Zeff ,  "Water Recovery i n  a Space Cabin," 
A s t r o n a u t i c s ,  I V ,  No.  2 (1959) , 34.  

7. Barnes, D. E. and Denis Taylor,  Radiat ion Hazards and P r o t e c t i o n .  
London: George Newnes Limited, 1958. 

8. Bates ,  Jack H . ,  "Recent Aspects i n  t h e  Development of a Closed 
Ecological  System," Aerospace Medicine, X X X I I ,  No. 1, (1960), 13. 

9. Be rge re t ,  P. ,  e d . ,  Bio-assay Techniques f o r  Human Cen t r i fuges  and 
Phys io log ica l  E f f e c t s  on Accelerat ion.  New York: Pergamon Pres s ,  
1961. 

10. Benedikt,  E. T . ,  ed. ,  Weightlessness -- Phys ica l  Phenomena and 
B i o l o g i c a l  E f f e c t s .  New York: Plenum P r e s s ,  1961. 

11. Benson, 0. 0. and Hubertus Strughold,  eds . ,  Physics  and Medicine 
of t h e  Atmosphere and Space. New York: John Wiley and Sons, I n c . ,  
1960. 

12. Bill ingham, J . ,  "Man's Thermal Environment During I n t e r p l a n e t a r y  
Travel," Jou rna l  of t h e  B r i t i s h  I n t e r p l a n e t a r y  Society,  1 7 ,  No. 9 
(1960), 293. 

13. Briggs,  M.  H. , "Some N u t r i t i o n a l  Problems of Manned Space f l igh t , "  
Jou rna l  of t h e  B r i t i s h  I n t e r p l a n e t a r y  Soc ie ty ,  1 7  , No. 9 (1960) , 325. 



52 

14. Broadbent, D. E . ,  "E f fec t s  of Noise on Behavior, ' '  i n  Handbook of 
Noise Control ,  ed. ,  C y r i l  H a r r i s .  New York: McGraw-Hill Book Co., 
1960, 10-1. 

15. Campbell, Paul A . ,  Medical and B i o l o g i c a l  Aspects of t h e  Energies  of 
Space. New York: Columbia U n i v e r s i t y  P r e s s ,  1961. 

16. C a r t e r ,  E. T . ,  "Heat P r o t e c t i o n  f o r  Space Crews , "  Space/Aeronautics,  
XXXII, No. 1 (1959), 61. 

1 7 .  Clark,  C. C . ,  "A Closed Food Cycle Atomic Conservation f o r  Space 
F l i g h t , "  The Journa l  of Av ia t ion  Medicine, XXIX, No. 7 (1958), 535. 

18. C.larke, A. C . ,  The Explorat ion of Space, Rev. Ed. New York: Harper 
and Row, P u b l i s h e r s ,  1959. 

19. Clark, Ca r l  C .  and James D. Hardy, "Gravity Problems i n  Manned Space 
S ta t i ans , "  i n  Proceedings of t h e  Manned Space S t a t i o n s  Symposium, 
Los Angeles, C a l i f . ,  A p r i l  20-22, 1960, p. 104. New York: I n s t i -  
t u t e  of t h e  Aeronaut ical  Sciences,  1960. 

20. Clynes, M. E. and Nathan S .  Kline,  "Cyborgs and Space," As t ronau t i c s ,  
V ,  No. 9 (1960), 26. 

21. Dole, S. H . ,  "Design Cr i te r ia  f o r  Ro ta t ing  Space Vehicles ,"  Rand 
Report RM-2668. Santa Monica, C a l i f . :  The Rand Corporat ion,  1960. 

22. El l ingson,  H. V . ,  Medical Problems of Modern A i r  T rave l .  Ph i l a -  
delphia:  F. A.  Davis Company, 1960. 

23. Enebo, Lennart ,  "On t h e  Supply of Oxygen and Food During Long-Lasting 
Space Journeys," As t ronau t ik  (Sweden), 11, No. 2 (1960) , 103. 

24. Feldhaus, J. L., "Visual Problems of Man i n  Space--Space Myopia, 
Glare I l l umina t ion  and Miscellaneous E f f e c t s  ,'I Journa l  of t h e  American 
Optometric Assoc ia t ion ,  XXXI, No. 9 (1959), 131. 

25. F l ahe r ty ,  B .  E., e d . ,  Psychophysiolovical Aspects of Space F l i g h t .  
New York: Columbia Un ive r s i ty  P res s ,  1961. 

26. Fogel, Lawrence J., Biotechnology: Concepts and App l i ca t ions .  
Englewood C l i f f s ,  N . J . :  P r en t i ce -Ha l l ,  I n c . ,  1963. 

27. Gartmann, Heinz, Man Unlimited.  New York: Pantheon, 1957. 

I 

28. Gaver, 0. H. and G.  D. Zuidema, e d s . ,  G r a v i t a t i o n a l  S t r e s s  i n  Aero- 
space Medicine. Boston: L i t t l e ,  Brown and Company, 1961. 



c 

29. 

30. 

31. 

32. 

33. 

34. 

37 * 

38. 

35. 

36. 

39. 

40. 

1 . I  

41. 

4.2. 

43. 

53 

Goldman, D. E., ''Effects of Vibration on Man," Cyril Harris, ed., 
in Handbook of Noise Control. New York: McGraw-Hill Book Co., Inc., 
1960. 

Heim, J. W. and Otto Schueller, "Development of Space Suits and 
Capsules," Air University Qua rterly Review, XI, No. 1 (1959), 30. 

Helvey, T. C., Moon Base, Technical and Physiological Aspects. 
New York: John F i  Rider Pr?blisher, I n c . ,  1950. 

Helvey, T. C., "Study in Bioseismology: 
Energy in the Human Body," Astronautik (Sweden), 11, No. 2 (1960), 89. 

Dissipation of Vibrational 

Kelly, P. M., "Bionic Machines -- A Step Toward Robots," Industrial 
Research, 111, No. 1 (1961), 31. 

Kline, N. S. and M. Clynes, "Drugs, Space, and Cybernetics: Evolu- 
tion to Cyborgs," in Psychophysiological Aspects of Space Flight, 
ed. B. E. Flaherty. New York: Columbia University Press, 1961. 

Lansberg, M. P. , Primer of Space Medicim . 
Elsevier Publishing Co. , 1960. 

Amsterdam (Holland): 

Lansbern. M. P. , "Some Consequences of Weightlessness and Artificial -- 
Weight," Journai of the British Interplaneiary Society, 17, No. 9 
(1960) , 285. 

Lawden, D. F. , "The Simulation of Gravity," Journal of the British 
Interplanetary Society, XVI, No. 3 (19571, 134. 

Mitchell, D. F . ,  "Genetics and the Reliability of Ecological Systems," 
in Ballistic Missile and Space Technolony, Vol. I, p. 63, ed. D. P. 
LeGalley. New York: Academic Press, 1960. 

Pirie, N. W., ed., The Biology of Space Travel. London: The 
Institute of Biology, 1961. 

Pogrund, Robert S. , "Physiological Aspects of the Spaceman," in 
Space Logistics Engineering, ed. K. Brown and L. D. Ely. 
John Wiley and Sons, Inc., 1962, 55. 

New York: 

Rostand, Jean, Can Man be Modified? 

Schaefer, K. E., "Selecting a Space Cabin Atmosphere," Astronautics, 
IVY No. 2 (1959) , 28. 
Sells, S. B. and C. A. Berry, Human Factors in Jet and Space Travel. 
New York: The Ronald Press Company, 1961. 

New York: Basic Books, 1959. 



. 
54 

44. 

45. 

46. 

47. 

48. 

49. 

S l age r ,  Ursula T . ,  Space Medicine. Englewood C l i f f s ,  N . J . :  P ren t i ce -  
H a l l ,  I n c . ,  1962. 

Strughold,  Hubertus and 0. L .  R i t t e r ,  "Eye Hazards and P r o t e c t i o n  i n  
Space," Aerospace Medicine, =I, No. 8 (1960) , 670. 

Tischer ,  R .  G . ,  "Nu t r i t i on  on Long Space Voyages," i n  Physics  and 
Medicine of t h e  Atmosphere and Space, ed. 0. 0. Benson, Jr. and H. 
Strughold.  New York: John Yiley and Sons, I n c . ,  1960. 

von Beckh, Harald J. , "Mult i -Direct ional  G-Protection During Ex- 
perimental  S l ed  Runs," i n  Xth I n t e r n a t i o n a l  A s t r o n a u t i c a l  Congress, 
London, 1959, Vol. 11, ed. F. Hecht. Vienna: Springer-Verlag,  
1960, 671.  

m i s e n h u n t ,  G. B . ,  Jr . ,  "A L i f e  Support S y s t e m  f o r  Near Ea r th  o r  - -  
C ir cum1 una r Space Vehi c 1 e , It Astronaut  i ca 1- Sciences Review , p . 13 , 
11, No. 3 (1960), 13. 

White, Clayton S .  and O t i s  0.  Benson, Jr . ,  e d s . ,  Physics  and Medicine 
of t he  Upper Atmosphere, A Study of t h e  Aerospace. Albuquerque: 
The Un ive r s i ty  of New Mexico P r e s s ,  1952. 


